9 2 10 ABSTRACT 11 Polybrominated diphenyl ethers (PBDEs) were formally used as flame-retardants and are 12 chemically stable, lipophlic persistent organic pollutants which are known to bioaccumulate in 13 humans. Although its toxicities are well characterized, little is known about the changes in
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190 A threshold of -0.08 normalized free energy (ndG: a novel parameter set by lncTar) was set 191 because it is the lowest suggested threshold to detect all possible lncRNA-mRNA interactions.
RESULTS

193
The goal of this study was to identify functional interactions between PCGs and lncRNAs 194 through RNA-Seq in HepaRG cells following PBDE exposure.
195 Regulation of PCGs and lncRNAs following exposure to PBDEs
196
In order to identify functional interactions between PCGs and lncRNAs RNA-Seq was 197 performed on HepaRG cells exposed to BDE-47 and BDE-99. We also exposed HepaRG cells to 198 CITCO (a CAR agonist) and RIF (a PXR agonist) in order to identify any overlapping PXR/CAR 199 pathways with PBDEs. Table 1 shows that ~80-125 million reads (95-99% of total reads) were 200 mapped to the human reference genome (NCBI GRCh37/hg19). Based on these filtering criteria, 201 19.3% of the total annotated genes were not expressed in any exposure groups, 47.7% were 202 stably expressed, and 33.1% were differentially expressed by chemical exposure (Figure 2A ).
203
A four-way Venn diagram ( Figure 2B ) was generated from the group of differentially 204 expressed PCGs to identify unique and common pathways among all four chemical exposures.
205 There were 3546 commonly regulated PCGs among the BDE-47, BDE-99, CITCO, and RIF 206 exposure groups, whereas a larger group of 4821 genes was commonly regulated among CITCO 207 and the PBDE groups. In contrast, there was less overlapping between RIF exposed group and 208 the PBDE exposed groups. BDE-47 had 1013 uniquely regulated genes and BDE-99 had 361 209 uniquely regulated genes. In summary, there is a large overlap of PCGs in all four chemical 210 exposure groups, suggesting that PBDEs and PXR/CAR activation affect similar pathways. The 211 even larger overlap of PCGs between CITCO and PBDEs exposed groups indicate that PBDE 212 exposure may activate CAR more than PXR signaling.
213
Regarding lncRNAs, a majority (77.9%) were not expressed in any exposure groups, 214 12.7% were stably expressed, and 9.38% were differentially expressed in at least one chemical 10 216 lncRNAs showed similar regulatory patterns as compared to the PCGs: 1564 lncRNAs were 217 differentially expressed in by all four chemical exposures. A larger group of 3046 lncRNAs were 218 commonly regulated among the PBDEs and CITCO exposure groups. A total of 1104 lncRNAs 219 were uniquely regulated by BDE-47 whereas only 560 lncRNAs were uniquely regulated by BDE-220 99.
Genomic annotation of differentially regulated lncRNAs relative to PCGs
222
All differentially expressed lncRNAs were annotated using the annotatePeaks function 223 from the HOMER (Hypergeometric Optimization of Motif EnRichment) suite. A vast majority 224 (72.1%) of lncRNAs were mapped proximal to the introns of PCGs followed by the exons (7.77%), 225 the 3'-untranslated regions (3'-UTRs) (6.75%), the transcription start sites (TSS) (5.95%), 226 promoter (5.15%) and the 5'-UTR (0.49%) of PCGs ( Figure 3 ). 
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There were several genes that were uniquely regulated in each exposure group. 26S 254 proteasome non-ATPase regulatory subunit 6 (PSMD6) and Proteasome Subunit Alpha 1 255 (PSMA1), two genes involved in the degradation of ubiquinated proteins, were down-regulated 256 only by BDE-47 ( Figure 4B ). PSMD6 encodes a member of the protease subunit S10 family while 
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Only one gene was down-regulated following exposure to BDE-47, BDE-99, RIF, and 305 CITCO. heterotrimeric G-protein alpha subunit complex locus (GNAS) has highly complex 306 imprinted expression pattern encodes for the stimulatory G-protein alpha subunit. GNAS is a 307 signal transducer and transmits hormonal and growth factor to downstream proteins (Zauber et 308 al., 2016) ( Figure 5A ).
309
Six genes were uniquely regulated by exposure to BDE-47 ( Figure 5B ). Two genes 310 involved in tumorigenesis, transforming growth factor beta receptor 2 (TGFBR2), and inhibitor or 311 nuclear factor kappa B kinase subunit beta (IKBKB) were down-regulated compared to the 312 control. TGFBR2 is a transmembrane protein that forms a heterodimeric complex with TGF-beta 313 receptor type 1. This complex phosphorylates proteins that regulate the transcription of genes 314 related to cell proliferation, cell cycle arrest, and apoptosis (Wei et al., 2015) . IKBKB activates 315 NF-kB and promotes tumorigenesis through the inhibition of forkhead transcription factor FOXO3 316 (Hu et al., 2004) . Interleukin 1 Beta (IL1B), an important mediator of the inflammatory response, 317 was up-regulated. It is hypothesized that inhibition of NF-kB pathway intermediates such as 318 IKBKB could result in a reduction of pro-inflammatory genes like IL1B (Douglass et al., 2017) .
421
Several genes associated with autophagy and apoptosis were up-regulated and there was 422 a large overlap in genes associated with autophagy and the sirtuin signaling pathway ( Figure 7C 423 and 7D). Neural precursor cell expressed developmentally down-regulated protein 4 (NEDD4) is 424 a HECT ubiquitin ligase that accepts ubiquitin from an E2 ubiquitin-conjugating enzyme and 425 transfers it to the target substrate, which is then marked for degradation. ATG4C, or autophagy 426 related 4C cysteine peptidase, destroys endogenous proteins and damaged organelles. Although 427 not essential in normal conditions, ATG4C is required for autophagic response during stressful 428 conditions (Korkmaz et al., 2012) . ATG5 is responsible for autophagic vesicle formation through 429 an ubiquitin-like conjugating system (Yousefi et al., 2006) . Forkhead box O3 (FOXO3) functions 430 as a signal for apoptosis and transcribes genes necessary for cell death (Skurk et al., 2004) .
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There was a down-regulation of PCGs associated with tumorigenesis such as cathepsin 432 Z (CTSZ), lysosomal associated membrane protein 1 (LAMP1), and cathepsin H (CTSH). CTSZ 433 is a lysosomal cysteine proteinase and is often expressed ubiquitously in cancer cell lines 434 (Jechorek et al., 2014) . Increased expression of CTSH, in particular, has been found in the 435 malignant progression of prostate cancer (Jevnikar et al., 2013) . LAMP1 encodes a glycoprotein 436 and is responsible for maintaining lysosomal integrity. The expression of LAMP1 has been 437 observed on the surface of tumor cells from highly metastatic cancers, suggesting its role in the 438 progression of lung cancer, colon cancer, and melanoma (Agarwal et al., 2015) . Surprisingly, 439 LAMP2, another glycoprotein closely related to LAMP1, was up-regulated in BDE-99 exposed 440 cells ( Figure 8D ). 
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There was an up-regulation in genes involved in Jak-STAT signaling (see Jak-STAT 457 signaling) following exposure to BDE-47, BDE-99, and CITCO. Janus kinase 1 and Janus kinase 458 2 (JAK1 and JAK2) were up-regulated while STAT-induced STAT inhibitor, suppressor of cytokine 459 signaling (SOCS1) was down-regulated. Furthermore, interferon alpha and beta receptor subunit 460 1 (IFNAR1), a gene involved in the binding and activation of receptors that stimulate Janus protein 461 kinases, was up-regulated as well ( Figure 9A ).
Glutathione Biosynthesis
463
Glutathione is an important antioxidant and protects against toxic xenobiotics involving 464 oxidative stress and free radical intermediates. It is considered one of the most important 465 molecules that cells can use to detoxify drugs and other toxins since it is both a nucleophile and 466 a reductant (Lu, 2013) . There was an up-regulation in glutathione biosynthesis in BDE-47, BDE-467 99, and CITCO groups ( Figure 10A 
